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AMPK

:   adenosine monophosphate activated protein kinase

BAX

:   BCL‐2‐associated X

BIM

:   Bcl‐2 interacting mediator of cell death

CI

:   confidence interval

EGFR

:   epidermal growth factor receptor

HCC

:   hepatocellular carcinoma

HER2

:   human epidermal growth factor receptor 2

IGF‐1R

:   insulin‐like growth factor‐1 receptor

NSCLC

:   non‐small‐cell lung cancer

OS

:   overall survival

PD‐L1

:   programmed death‐ligand 1

PFS

:   progression‐free survival

VEGF

:   vascular endothelial growth factor

VEGFR

:   vascular endothelial growth factor receptor

1. INTRODUCTION {#cas13849-sec-0001}
===============

Cancer is one of the most deadly diseases that has been a considerable challenge in clinical treatment. The conventional chemotherapies provide limited benefits through inflicting DNA damage, with cancer cells and highly proliferative tissues particularly vulnerable to this damage.[1](#cas13849-bib-0001){ref-type="ref"} However, due to formidable side‐effects of chemotherapeutic drugs, such as myelosuppression and digestive tract side‐effects, cancer research scientists have focused their efforts on seeking better curative options. With the deeper understanding of cancer cell molecular biology, targeted therapies, including mAbs or small molecular inhibitors directed against genes or proteins that are crucial to cancer progression, novel treatment approaches have been developed, leading to therapeutic revolution. Well‐designed Abs or small molecules are able to specifically attack cancer cells through blocking signal transduction, which has been verified for cancer cell growth.[2](#cas13849-bib-0002){ref-type="ref"}, [3](#cas13849-bib-0003){ref-type="ref"} Targeted therapies have achieved dramatic success in treating cancer patients. However, rapidly developed resistance (acquired resistance) is a common phenomenon in the use of targeted drugs.[4](#cas13849-bib-0004){ref-type="ref"} Thus, finding approaches to overcome acquired resistance or avoid intrinsic resistance is becoming an unmet need to improve anticancer efficacies in targeted therapies. The combination of targeted drugs with other known agents is one efficient approach to overcome resistance and enhance efficacy.

Metformin, a widely prescribed drug for treating type II diabetes, is one of the most extensively recognized metabolic modulators, which has shown an important anticancer properties.[5](#cas13849-bib-0005){ref-type="ref"} Its general molecular mechanisms in inhibiting tumor growth are briefly summarized in Figure [1](#cas13849-fig-0001){ref-type="fig"}.[5](#cas13849-bib-0005){ref-type="ref"}, [6](#cas13849-bib-0006){ref-type="ref"}, [7](#cas13849-bib-0007){ref-type="ref"} Activation of AMPK and inhibition of mitochondria complex I are two major mechanisms of action.[5](#cas13849-bib-0005){ref-type="ref"}, [6](#cas13849-bib-0006){ref-type="ref"} It showed significant synergy with chemotherapeutic drugs in both in vitro and in vivo models through broad‐spectrum action mechanisms, as we previously described.[8](#cas13849-bib-0008){ref-type="ref"} More interestingly, both preclinical and clinical evidence has profoundly indicated the improvement of targeted therapeutic efficacies by combining metformin with targeted drugs, including our recent report.[9](#cas13849-bib-0009){ref-type="ref"} In this review, we summarize recent progress of strategies for treating cancer patients by combining metformin with targeted therapies, detailing the underlying mechanisms and discussing the future clinical transformation potential.

![General molecular mechanisms of metformin on inhibiting cancer cell growth. Metformin inhibits mitochondria complex I, activates the adenosine monophosphate activated protein kinase (AMPK) signaling pathway, and/or inhibits the insulin signaling pathway. ACC, acetyl‐coa carboxylase; EMT, epithelial‐mesenchymal transition; IGF‐1, insulin‐like growth factor‐1; IGF‐1R, insulin‐like growth factor‐1 receptor; IR, insulin receptor; OCT1, organic cation transporter 1](CAS-110-23-g001){#cas13849-fig-0001}

2. COMBINATION OF METFORMIN WITH SMALL MOLECULAR INHIBITORS {#cas13849-sec-0002}
===========================================================

Small molecular inhibitors are one of the major types of targeted drugs, which are usually organic compounds isolated from natural products or synthesized at an industrial scale. These small molecules exert their anticancer action through blocking signal transduction. The main portion of targeted drugs approved by the FDA for cancer treatment is made up of kinase inhibitors, with 38 approved to date.[10](#cas13849-bib-0010){ref-type="ref"} As shown in Figure [2](#cas13849-fig-0002){ref-type="fig"}, the number of FDA‐approved targeted inhibitors increased annually from 1995 to 2017.

![Trend of FDA‐approved targeted inhibitors between 1995 and 2017. The number of FDA‐approved targeted antitumor inhibitors increases dramatically, compared with other antitumor drugs](CAS-110-23-g002){#cas13849-fig-0002}

2.1. Combination of metformin with gefitinib {#cas13849-sec-0003}
--------------------------------------------

Gefitinib, as the first small molecular inhibitor targeting EGFR, was approved through an accelerated process by the FDA in May 2003 as monotherapy for the treatment of patients with locally advanced or metastatic NSCLC after failure of both platinum‐based and docetaxel chemotherapies.[11](#cas13849-bib-0011){ref-type="ref"} It blocks autophosphorylation of ligand‐induced receptor by binding to tyrosine kinase domain and disrupting tyrosine kinase activity, thereby abrogating intracellular downstream signaling.[12](#cas13849-bib-0012){ref-type="ref"} Approximately 90% of NSCLC patients with activating mutations (namely L858R) have high response rates to gefitinib and show complete responses with dramatic tumor shrink.[13](#cas13849-bib-0013){ref-type="ref"} Despite impressive clinical successes, it has been found that patients rapidly develop acquired resistance following long‐term gefitinib therapy. Developed resistance mechanisms include mutation, activation of the AKT/mTOR pathway, and upregulation of IGF‐1R.[14](#cas13849-bib-0014){ref-type="ref"} Thus, the approach combining gefitinib with metformin through inhibiting either the Akt/mTOR or insulin‐associated pathways to improve its efficacy has a strong rationale that warrants investigation.

The significant synergism of metformin with gefitinib in lung cancer has been reported. Adding metformin to gefitinib reduced proliferation and the anchorage‐independent colony‐forming ability of a panel of NSCLC cell lines.[15](#cas13849-bib-0015){ref-type="ref"} Chen et al[16](#cas13849-bib-0016){ref-type="ref"} found that metformin clearly inhibited antiapoptotic protein expression, increased BIM and BAX, leading to significantly improved sensitivity of gefitinib. It has been reported that metformin can revert resistance to gefitinib.[16](#cas13849-bib-0016){ref-type="ref"}, [17](#cas13849-bib-0017){ref-type="ref"} In xenografts with gefitinib‐resistant cancer cells, metformin blocked tumor growth and suppressed tumor relapse effectively. A study from Ko et al showed that metformin augmented the cytotoxic effect and growth inhibition of gefitinib in human squamous lung cancer cells through decreasing MSH2 expression, which plays a central role in promoting genetic stability by correcting DNA replication errors.[18](#cas13849-bib-0018){ref-type="ref"} Metformin also suppressed epithelial‐mesenchymal transition and the interleukin‐6/STAT3 pathway, abrogating the acquired resistance of gefitinib.[17](#cas13849-bib-0017){ref-type="ref"} Overcoming EGFR‐tyrosine kinase inhibitor primary resistance has also been reported in NSCLC by suppressing the IGF‐1R signaling pathway.[19](#cas13849-bib-0019){ref-type="ref"} Interstitial lung disease is a serious side‐effect of gefitinib treatment. Metformin attenuates gefitinib‐induced exacerbation of pulmonary fibrosis by inhibition of the transforming growth factor‐β signaling pathway both in vitro and in vivo NSCLC models.[20](#cas13849-bib-0020){ref-type="ref"}

Studies aiming to evaluate the effect of metformin in combination with gefitinib on the prognosis of NSCLC patients with type 2 diabetes mellitus have been carried out in 6 hospitals in China between January 2006 and January 2014. Metformin significantly prolonged the median PFS and median OS compared with patients who received other hypoglycemic agents (19.0 months vs 8.0 months, *P* = 0.005; 32.0 months vs 23.0 months, *P* = 0.002). The objective response rate and disease control rate were also significantly higher (70.5% vs 45.7%, *P* = 0.017; 97.7% vs 80.4%, *P* = 0.009), indicating that metformin improved survival and delayed onset of acquired resistance to gefitinib.[21](#cas13849-bib-0021){ref-type="ref"} Based on these promising clinical data, a new multicenter double‐blind phase II study of metformin with gefitinib as first‐line therapy for locally advanced NSCLC is underway.[22](#cas13849-bib-0022){ref-type="ref"}

Our group has studied the synergy between metformin with gefitinib in bladder cancer.[9](#cas13849-bib-0009){ref-type="ref"} We found that the combination of metformin and gefitinib induced a stronger antiproliferative and anticolony‐forming effect compared to either metformin or gefitinib alone.[9](#cas13849-bib-0009){ref-type="ref"} Apoptosis was significantly increased. Gefitinib suppressed EGFR signaling and inhibited phosphorylation of ERK and Akt, which was amplified when metformin was added.[9](#cas13849-bib-0009){ref-type="ref"} Interestingly, gefitinib induced activation of the AMPK signaling pathway, which was enhanced in metformin treatment as well. In vivo intravesical treatment of metformin and gefitinib on syngeneic orthotopic bladder cancer in mice confirmed the significant inhibitory effect on bladder tumor growth.[9](#cas13849-bib-0009){ref-type="ref"} These 2 drugs could be an excellent combination for the treatment of bladder cancer through intravesical instillation.[9](#cas13849-bib-0009){ref-type="ref"}

Figure [3](#cas13849-fig-0003){ref-type="fig"} summarizes the concise mechanisms underlying the combination of gefitinib and metformin, investigated so far.[9](#cas13849-bib-0009){ref-type="ref"}, [23](#cas13849-bib-0023){ref-type="ref"}, [24](#cas13849-bib-0024){ref-type="ref"}

![Gefitinib induces tumor cell death and develops resistance. Metformin either targets tumor cells directly or reverses and/or inhibits epithelial‐mesenchymal transition (EMT), differentiation, self‐renewal, and gene mutation/alteration of signaling pathways, which are the consequence of gefitinib‐induced resistance, thus sensitizing the antitumor effect or reducing the drug resistance to gefitinib](CAS-110-23-g003){#cas13849-fig-0003}

2.2. Combination of metformin with sorafenib {#cas13849-sec-0004}
--------------------------------------------

Sorafenib is a multiple target kinase inhibitor that targets the angiogenic receptor tyrosine kinases, VEGFR2 and platelet‐derived growth factor receptor‐β.[25](#cas13849-bib-0025){ref-type="ref"} Sorafenib obtained FDA approval for the treatment of advanced HCC in November 2007 and led to great success.[26](#cas13849-bib-0026){ref-type="ref"} However, low tumor response and serious side‐effects have been widely reported. Therefore, it is crucial to develop strategies to improve the efficacy of sorafenib. Combination of sorafenib with other drugs has attracted considerable attention.[27](#cas13849-bib-0027){ref-type="ref"} It has been shown that metformin sensitized cancer cells to certain clinical antitumor drugs, including sorafenib. These two drugs synergistically inhibited cancer cell proliferation and decreased sphere formation, especially in resistant cancer cells and cancer stem cells.[28](#cas13849-bib-0028){ref-type="ref"} Furthermore, adding metformin enabled a 25% dose reduction of sorafenib without loss of its tumor inhibitory efficacy.[29](#cas13849-bib-0029){ref-type="ref"} Metformin also enhanced the antimetastatic effects of sorafenib and reduced lung metastasis in HCC. Metformin suppressed the migration and invasion of HCC cells through downregulation of the ERK/JNK‐mediated nuclear factor‐κB‐dependent pathway, resulting in the reduction of uridylyl phosphate adenosine and MMP‐9 expression.[30](#cas13849-bib-0030){ref-type="ref"} Metformin also upregulated expression of Tat‐interacting protein 30, a protein that plays an important role in low‐dose sorafenib‐induced prometastasis.[31](#cas13849-bib-0031){ref-type="ref"} The combination of metformin and sorafenib suppresses proliferation and induces autophagy of HCC by targeting the mTOR pathway.[32](#cas13849-bib-0032){ref-type="ref"} In HCC xenograft tumors, combining metformin with sorafenib significantly minimized postoperative recurrence and lung metastasis through suppressing the mTOR pathway and CD37 and Ki67 expression, respectively.[33](#cas13849-bib-0033){ref-type="ref"}, [34](#cas13849-bib-0034){ref-type="ref"}

Although both in vitro and vivo data have confirmed that metformin can enhance the antitumor effect of sorafenib, the results from clinical trials are not convincing. Unexpectedly, Casadei Gardini et al[35](#cas13849-bib-0035){ref-type="ref"} did observe that metformin‐treated patients experienced increased rather than decreased tumor aggressiveness and resistance to sorafenib. This might have been due to the small number of patients in the study. Thus, they recruited a larger number of patients and the results showed a lower response to sorafenib in those who developed HCC whilst undergoing chronic therapy with metformin, confirming their previous work. A possible explanation for these two clinical facts is that pretreatment of metformin decreased the levels of MAPK and inactivated PI3K pathways, which are the targets of sorafenib, inducing the resistance to sorafenib.[36](#cas13849-bib-0036){ref-type="ref"} These contradictory facts from clinical and experimental results might be due to the data collected from experimental studies were not imitating diabetic conditions while data collected from clinical studies were from diabetic patients. Thus, another type of clinical trial comparing sorafenib alone and sorafenib plus metformin under non‐diabetic conditions might be more helpful to explore whether there are any benefits of metformin on HCC patients using sorafenib. Another reason is that it is not easy to achieve the effective concentrations of metformin in patients' bodies through conventional administration routes.[37](#cas13849-bib-0037){ref-type="ref"}

2.3. Combination of metformin with everolimus {#cas13849-sec-0005}
---------------------------------------------

Mammalian target of rapamycin is a serine/threonine kinase that belongs to the family of PI3K‐related protein kinases.[38](#cas13849-bib-0038){ref-type="ref"} It acts as a key regulator of many cellular processes such as growth, protein synthesis, and cell‐cycle progression. It is also involved in several pathological conditions, including cancer, and has become a target for cancer treatments.[39](#cas13849-bib-0039){ref-type="ref"} Everolimus, an oral mTOR inhibitor, was approved to treat advanced pancreatic neuroendocrine tumors in 2011.[40](#cas13849-bib-0040){ref-type="ref"} Although everolimus showed valuable pharmacokinetic properties, its combination with other drugs as a potentially synergistic agent was encouraged.[41](#cas13849-bib-0041){ref-type="ref"} It has been reported that combining metformin with everolimus showed synergistic effects in in vitro and in vivo cancer models.[42](#cas13849-bib-0042){ref-type="ref"}, [43](#cas13849-bib-0043){ref-type="ref"}

In breast cancer cells, cotreatment with metformin and everolimus intensified the inhibition of cell proliferation and colony formation.[44](#cas13849-bib-0044){ref-type="ref"} Metformin and everolimus significantly suppressed obesity‐induced tumor growth (0.5‐fold and 0.3‐fold).[45](#cas13849-bib-0045){ref-type="ref"} It was also reported that the effect of everolimus might be associated with insulin resistance, manifesting in impaired glucose tolerance or hyperglycemia, whereas metformin could restore it.[46](#cas13849-bib-0046){ref-type="ref"}

Amazingly, a retrospective analysis of 445 patients with advanced pancreatic neuroendocrine tumors showed that the median PFS of patients treated with everolimus plus metformin was significantly longer than PFS for patients with diabetes receiving other treatments (median PFS, 20.8 months; hazard ratio, 0.49; 95% CI, 0.34‐0.69; *P* \< .0001), indicating that metformin sensitized everolimus efficacy in patients with pancreatic neuroendocrine tumors.[47](#cas13849-bib-0047){ref-type="ref"} Unfortunately, a phase Ib study of everolimus combined with metformin for patients with advanced cancer showed that patients poorly tolerated the treatment and there are pharmacokinetic interactions between everolimus and metformin that might have implications for diabetic patients who are treated with these drugs.[48](#cas13849-bib-0048){ref-type="ref"}

3. COMBINATION OF METFORMIN WITH ANTIBODIES {#cas13849-sec-0006}
===========================================

Antibodies, produced by genetic engineering, block cancer cell growth selectively through binding to specific antigen. Due to their specificities, Abs have showed excellent activities with minimal toxicities. Their excellent clinical benefits have resulted in a strong market for Ab drugs. Many Abs approved by the FDA are currently used in clinical cancer therapies, including trastuzumab, bevacizumab, rituximab, and cetuximab. Various studies listed here have reported that the combination of these Abs with metformin shows promising improvements on treatment efficacy.

3.1. Combination of metformin with trastuzumab {#cas13849-sec-0007}
----------------------------------------------

Trastuzumab was first approved for the treatment of HER2‐positive breast cancer in the USA in 1998.[49](#cas13849-bib-0049){ref-type="ref"} A member of the EGFR family, HER2 consists of 3 components: the intracellular tyrosine kinase domain, transmembrane lipophilic segment, and extracellular binding domain. Trastuzumab binds selectively and with high affinity to the extracellular domain, preventing HER2 cleavage and leading to its inactivation.[50](#cas13849-bib-0050){ref-type="ref"} Up to 30% of breast cancers overexpress HER2 and HER2 expression is positively associated with significantly worse outcomes in patient survival than HER2‐negative breast cancer.[51](#cas13849-bib-0051){ref-type="ref"} Over the last few decades, trastuzumab has been shown to prolong survival and improve outcomes of HER2‐positive breast cancer patients. However, trastuzumab is also associated with an increased risk of cardiotoxicity[52](#cas13849-bib-0052){ref-type="ref"} and prolonged exposure to trastuzumab leads to resistance.

To overcome these side‐effects of trastuzumab, the combination of trastuzumab with metformin has been explored. Vazquez‐Martin et al[53](#cas13849-bib-0053){ref-type="ref"} showed that metformin suppressed self‐renewal and proliferation of trastuzumab‐resistant tumor‐initiating breast cancer stem cells. Metformin significantly inhibited proliferation and clonogenicity of trastuzumab‐resistant HER2‐overexpressing breast cancer cells. The mechanisms of action involved disrupting HER2/IGF‐1R complexes that are present only in resistant sublines.[54](#cas13849-bib-0054){ref-type="ref"} In xenografts established from the pleural metastasis of a patient who was clinically resistant to trastuzumab, the combination of metformin with trastuzumab decreased tumor volume sharply by more than 4‐fold,[55](#cas13849-bib-0055){ref-type="ref"} implying that incorporation of metformin into trastuzumab‐based regimens could provide a valuable strategy for treatment of HER2‐positive breast cancer patients. Metformin also acts as a cardioprotective drug to attenuate the cardiac‐damaging effects of trastuzumab in the clinic and it has been confirmed that it does not interfere with the anticancer activity of trastuzumab.[56](#cas13849-bib-0056){ref-type="ref"} The phase III EMILIA trial showed trastuzumab emtansine, an Ab conjugate, significantly prolonged the PFS and OS in metastatic breast cancer patients. Metformin promotes trastuzumab emtansine drug efficacy through inducing caveolin‐1 expression in breast cancer.[57](#cas13849-bib-0057){ref-type="ref"} As for some HER2‐positive breast carcinomas patients after trastuzumab treatment, lapatinib was usually used to inhibit cancer progression. Metformin could be a clinically useful candidate of delaying or treating lapatinib resistance by inactivating mTOR and decreasing p70S6K1 activity.[58](#cas13849-bib-0058){ref-type="ref"}

3.2. Combination of metformin with bevacizumab {#cas13849-sec-0008}
----------------------------------------------

Bevacizumab is a recombinant humanized mAb that targets all isoforms of VEGF‐A, preventing the binding of VEGF‐A to the endothelial cell surface receptors VEGFR‐1 (Flt‐1) and VEGFR‐2 (KDR/Flk‐1).[59](#cas13849-bib-0059){ref-type="ref"} Inhibition of VEGF‐A results in the regression of tumor vascularization and inhibition of new tumor vasculature formation, thereby inhibiting tumor growth.[60](#cas13849-bib-0060){ref-type="ref"} In 2004, bevacizumab was first approved by the FDA to treat metastatic colorectal cancer in combination with standard chemotherapy.[61](#cas13849-bib-0061){ref-type="ref"}

Currently, bevacizumab is widely used to treat various cancers, including advanced nonsquamous NSCLC, metastatic breast cancer, advanced renal cell carcinoma, and advanced epithelial ovarian cancer.[62](#cas13849-bib-0062){ref-type="ref"} A case report showed that bevacizumab combined with metformin in recurrent type I endometrial cancer improved patient performance status: computed tomography scans showed reduced radiologic density of the lung and mediastinal lesions of liver disease, suggesting increased tumor necrosis.[63](#cas13849-bib-0063){ref-type="ref"} Moreover, combining bevacizumab with metformin was also found to be effective in ovarian cancer treatment, Metformin could specifically target cancer stem cells and synergistically inhibits angiogenesis with bevacizumab.[64](#cas13849-bib-0064){ref-type="ref"}

A randomized phase II study of metformin plus bevacizumab‐based chemotherapy in advanced or metastatic nonsquamous NSCLC patients has been carried out. The 1‐year PFS on arm A (carboplatin, paclitaxel, and bevacizumab with metformin) was 47% (95% CI, 25%‐88%), which exceeded the historical control 1‐year PFS of 15%. Median overall survival of patients treated on arm A was 15.9 months (95% CI, 8.4‐not available) and 13.9 months (95% CI, 12.7‐not available) on arm B (carboplatin, paclitaxel, and bevacizumab without metformin).[65](#cas13849-bib-0065){ref-type="ref"} Disappointingly, the results indicated that there were no significant differences in toxicity between the two study arms.

4. DISCUSSION {#cas13849-sec-0009}
=============

Cancer is a disease with a growing mortality worldwide, with an increase to 19.3 million new cancer cases per year predicted in 2025.[63](#cas13849-bib-0063){ref-type="ref"} Targeted therapies have achieved notable success in some cancers; however, significant problems including resistance and high toxicity remain to be solved. To address these limits, combining targeted drugs with known drugs has drawn considerable attention. Metformin, a small molecule discovered from a natural plant, has been used as first‐line therapy for type II diabetes patients. Metformin has been newly recognized as a low‐toxicity "broad‐spectrum" therapeutic approach that could simultaneously target various key pathways and mechanisms in cancer treatment.[66](#cas13849-bib-0066){ref-type="ref"} Thus, combining targeted therapies with metformin is a potential strategy to enhance the efficacy of targeted drugs. Recently, Cha et al reported that metformin amplified the antitumor capacity of PD‐L1, a newly approved targeted Ab drug. It was shown that AMPK activated by metformin decreases PD‐L1 levels, which, in turn, increased CTL activities against cancer cells. The clinical data showed that metformin‐treated patients have reduced PD‐L1 levels with increased phospho‐AMPK, confirming the bench findings.[67](#cas13849-bib-0067){ref-type="ref"} In this minireview, we updated the combination of metformin with clinically used targeted drugs including small molecule inhibitors and Abs, summed up in Figure [4](#cas13849-fig-0004){ref-type="fig"}.[6](#cas13849-bib-0006){ref-type="ref"}, [8](#cas13849-bib-0008){ref-type="ref"}, [68](#cas13849-bib-0068){ref-type="ref"} Most studies drawing on both in vitro and in vivo data have shown promising synergy of metformin with these targeted drugs. However, results from clinical trials are contradictory. The main reason might be due to the difference of the dose, duration, and timing of metformin used between clinical trials and experimental studies.[37](#cas13849-bib-0037){ref-type="ref"} Another reason is that the concentration of metformin for anticancer activity is much higher than that for antidiabetic activity. Thus, novel administration routes, rather than the conventional method, to increase the concentration of this drug could be needed. The intravesical method we developed has shown much better benefits than oral administration.[69](#cas13849-bib-0069){ref-type="ref"} Another new direction for developing the clinical application of metformin is to characterize the precise targets of metformin, which could be helpful in personalized medicine and the clinical use of metformin. In summary, although the combination of metformin with clinically available targeted drugs shows a powerful synergistic efficiency in various cancer settings, experimental studies with a more sophisticated design and clinical trials are needed for future clinical application of metformin, one of the most important small natural products to treat cancer patients. There are limited studies exploring the molecular mechanisms behind the inhibition of mitochondria complex I in the combination of metformin with targeted drugs. Furthermore, it is necessary to evaluate the adverse effects of combinations compared with the single use of metformin, particularly acidosis. These studies could be future works warranting further efforts.

![Mechanisms of metformin combined with Abs or small molecular inhibitors in cancer treatment. Metformin activates the adenosine monophosphate activated protein kinase (AMPK) pathway, eventually causing inhibition of the mTOR pathway. Metformin also indirectly reduces Akt activation, through insulin‐mediated insulin receptor (IR) and the insulin‐like growth factor‐1 receptor (IGF‐1R)/IR hybrid which activates the PI3/Akt/mTOR and RAS/RAF/MAPK/ERK pathways. These pathways are also inactivated by Abs or small molecule inhibitors. Thus, metformin shows synergy with targeted drugs to reduce protein synthesis and cellular proliferation. EGFR, epidermal growth factor receptor; HER2, human epidermal growth factor receptor 2; IGF‐1, insulin‐like growth factor‐1; IRS, insulin/insulin‐like growth factor‐1 receptor substrate; Shc, Src homology 2/alpha‐collagen related protein; VEGFR, vascular endothelial growth factor receptor](CAS-110-23-g004){#cas13849-fig-0004}
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